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THE INFLUENCE OF A CHANGE IN BODY SHAPE ON THE EFFECTS 
OF TWIST AND CAMBER AS DETERMINED BY A TRANSONIC 
WIND-TUNNEL INVESTIGATION OF A 15° SWEPTBACK 
WING-FUSELAGE CONFIGURATION 


By Daniel E. Harrison 
SUMMARY 


An investigation has been made in the Langley 8-foot transonic tun- 
nel to determine the influence of а change in body shape on the effects 
of twist and camber. The basic cylindrical fuselage was indented in the 
region of the wing on the basis of the transonic drag-rise rule. The 
wing had 45° sweepback at the 0.25-chord line, an aspect ratio of №, а 
taper ratio of 0.6, and NACA 65A-series sections with Ó-percent-thickness 
distribution parallel to the plane of symmetry. The twist and camber 
used was designed to obtain a uniform load distribution at a Mach number 
of 1.2 and a lift coefficient of 0.4. | 


Twist and camber greatly improved the maximum lift-dr&g ratios of 
the wing—modified-fuselage configuration throughout the speed range 
whereas twist and camber reduced the ratios for a wing—curved-fuselage 
configuration at Mach numbers between 0.84 and 0.99. The increases in 
the maximum lift-drag ratios of the wing—modified-fuselage configura- 
tion varied from 24 percent to 11 percent through the Mach number range. 
Up to a lift-coefficient value of 0.6 and a Mach number of 1.05, the 
increases in the lift-drag-ratio values due to twist and camber were 
considerably greater for the modified-fuselage than for the curved- 
fuselage configuration. For all test Mach numbers, the drag reductions 
caused by the use of twist and camber occurred at lower lift-coefficient 
values for the modified-fuselage than for the curved-fuselage configura- 
tion. The variations of the pitching-moment coefficients of the twisted 
and cambered wing-fuselage configuration with Mach number were greatly 
reduced by the use of the modified fuselage. 
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INTRODUCTION 


Ihe results of reference 1 indicated that the drag characteristics 
of a 45° sweptback wing-fuselage configuration could be improved at 
moderate and high lift coefficients by twisting and cambering the wing; 
however, at the lower lift coefficients and high subsonic Mach numbers, 
the twist and camber adversely affected the drag characteristics of the 
configuration as a result of increased wing-body interference. The 
results of reference 2 showed that the interference between a 459 swept- 
back wing and a fuselage could be greatly reduced by the use of a cylin- 
drical afterbody and an extended forebody. The results of reference 5 
also indicated that a favorable interference effect could be obtained 
at transonic speeds between a sweptback wing and a fuselage by indenting 
the fuselage in the region of the wing on the basis of the transonic 
drag-rise rule. It might be expected that the loss in effectiveness of 
twist and camber at high subsonic Mach numbers shown in reference 1 
could be eliminated through the use of a cylindrical body indented on 
the basis of the area rule. 


Іп order to determine the influence of such a change in body shape, 
the 45° twisted and cambered wing of reference 1 has been tested in сош- 
bination with the modified fuselage of reference № in the Langley 8-foot 
transonic tunnel. The wing was twisted and cambered to obtain a uniform 
loading at a Mach number of 1.2 and a lift coefficient of O.h. It should 
be noted that the relative high lift coefficient, 0.4, was chosen to 
improve the characteristics of the wing in the maneuver as well as in 
the cruise conditions of flight. The model was tested through a con- 
tinuous Mech number range from 0.80 to 1.10 and at angles of attack 
from -59 to 129. The results аге compared herein with the results for 
the comparable wine winssfuselace configuration of reference lk. 


In addition to indentation, the fuselages compared in the present 
investigation differed in size and afterbody shape. It was realized 
that these differences would tend to distort the advantages or disadvan- 
tages of indentation; however, it was believed that any major differences 
in the two sets of data would be due primarily to indentation. The 
results of this investigation would then direct the path to future 
investigations of the transonic area&-rule phenomenon. 


SYMBOLS 
b wing span, in. 
Ст drag coefficient, D/q8 
Ст, lift coefficient, 1/48 


CORI, - 


тыз, ыы 
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Ст pitching-moment coefficient, “o/t 
або 
С local chord of wing, in. 
c mean aerodynamic chord of wing, in. 
D drag, lb 
L lift, ib 
CDD ue maximum lift-drag ratio 
M Mach number 
Ме /\, pitching moment of aerodynamic forces about lateral 


axis which passes through 0.25 point of mean аего- 
dynamic chord of wing, in-lb 


Pg base pressure coefficient, 15,719 

Ds Pree-stream static pressure, 1Ъ/ва ft 

Py static pressure at model base, 1Ъ/ва ft 

а dynamic pressure, zov, lb/sq ft 

R Reynolds number based on С 

S wing area, sq ft 

V velocity, ft/sec 

x distance measured from leading edge of wing along 
local chord, in. 

у Spanwise distance from plane of symmetry, in. 

2, camber, in. 

a angle of attack of body center line, deg 

р air density, slugs/cu ft 

€ angle of wing twist measured relative to fuselage 


reference lime (fig. 1), deg 
eae 
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APPARATUS AND METHODS 


The tests were conducted in the Langley 8-Ғоо% transonic tunnel 
which 1в а dodecagonal slotted-throat, single-return wind tunnel. The 
use of the longitudinal slots &long the test section permitted the 
testing of the models through the speed of sound without the usual 
choking effects found in the conventional closed-throat tunnel. А 
complete description of the Langley 8-foot transonic tunnel can be 
found in reference 5. 


Configurations 


Except for twist and camber, the wing investigated was identical 
to the plane wing of reference 4. The plane wing ав well as the twisted 
and cambered wing had 150 sweepback of the 0.25-chord line, ап aspect 
ratio of 4, а taper ratio of 0.6, and МАСА 65A-series airfoil sections 
with 6-percent~thickness distribution parallel to the plane of symmetry. 
А plan-form drawing of the wing-fuselage configuration is presented in 
figure 1. | 


The twisted and cambered wing investigated was designed to obtain 
a uniform load distribution at a lift coefficient of 0.4 and а Mach 
number of 1.2. The resulting twist and camber values are presented in 
figure 2. As shown in this figure, the angle of twist varied from 4.50 
at the root to -0.29 (washout) at the tip. Twist was measured from the 
longitudinal axis of the fuselage. 


The modified fuselage used in the present investigation (fig. 1) 
was basically cylindrical from the leading edge of the wing root section 
to behind the trailing edge. The fuselage was indented at the wing 
location such that the area removed from the body at each longitudinal 
station was equal to the exposed wing cross-sectional area at the same 
station normal to the airstream. The maximum diameter of the modified 
fuselage is somewhat greater than the curved fuselage of reference l. 
Fuselage coordinates for both bodies are given in table I. The fineness 
ratio of the modified and the curved fuselages shown in Pigure 1 was 
11.5 and 9.8, respectively. 


Measurements and Accuracy 
Lift, drag, and pitching moments were measured by an electrical 


strain-gage balance. The accuracy of the resulting coefficients is as 
follows: 


» 
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БІ eh eo Ae ез мок море ооо es ee A tO .010 
Ту в a Хх Ой ue ооо ор се 20.001 
Сы аға ЖБ ое ЖОЛЫ te в шй ғ. «© OOOO 


The base pressure coefficients were determined by means of two static 
orifices located on the sides of the sting support in the plane of the. 
model base. The drag data have been adjusted for base pressures such 
that the drag corresponds to conditions for which the body base pressure 
is equal to the free-stream static pressure. No corrections have been 
made to the base pressures for sting interference effects (ref. 6). 


Local deviations from the average Pree-stream Mach numbers in the 
region of the model were no larger than 0.005 at subsonic speeds; with 
increases in Mach number above 1,00, the deviations increased but did 
not exceed 0.010 at а Mach number of 1,13. 


The angle of attack was measured by an electrical strain gage 
mounted in the nose of the model. A complete description of the angle- 
of-attack measuring system is given in reference 7, and, as reported 
therein, the measurements are believed to be accurate to within +0.1. 


The effects of wall-reflected disturbance on the drag results have 
been essentially eliminated at all Mach numbers except those near a 
value of about 1.05. This effect has been accomplished by displacing 
the model from the tunnel center line and by correcting for the base- 
pressure variations. No results were obtained for Mach numbers near 1.05. 


RESULTS 


The basic aerodynamic data (angle of attack, drag coefficient, and 
pitching-moment coefficient against lift coefficient) are presented in 
figure 4 for the configuration with twisted and cambered wing and modi- 
fied fuselage. Comparisons of the basic data for the various configura- 
tions are shown in figure 4. The base pressure coefficients for the 
twisted and cambered wing and the plane wing--modified-fuselage configu- 
rations are shown in figure 5. Variations of maximum lift-drag ratios 
with Mach number for the wing-fuselage configurations are presented in 
figure 6. The maximum lift-dr&g ratios presented as a function of Mach 
number for the wing in the presence of the fuselage are shown in fig- 
ure T. The effects of twist апа camber and body modifications on the 
lift-drag ratios of the configurations are presented in figure 8 for 
several lift coefficients. Comparisons of the variation of pitching- 
moment coefficient with Mach number are shown in figure 9 for several 
lift coefficients. 
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In order to facilitate presentation of the data, staggered scales 
have been used in many of the figures and care should be taken in iden- 
tifying the zero axis for each curve. All the data presented herein 
are for wing-fuselage configurations with the exception of the wing- 
body interference maximum lift-drag ratios shown in figure T. Reynolds 


numbers based on the mean aerodynamic chord varied from about 1.90 х 10 
to 2.00 x 106. 


DISCUSSION 


The incidence of the plane wing relative to the center line of the 
fuselage was zero, whereas the incidence of the root sections of the 
twisted and cambered wing was 4.59. This degree of incidence was in 
&ccordance with the prescribed method of reference 8 for calculating 
twist and camber. Because of this arrangement, the incidence of the 
fuselage at zero lift coefficient was approximately 3° less for the 
cambered and twisted wing configuration than for the plane wing 
configuration. 


Lift Characteristics 


The changes in the lift curves of the wing—modified-fuselage con- 
Piguration (fig. 4) due to replacing the plane wing with the twisted 
and cambered wing were similar to those reported in reference 1 for 
the wing--curved-fuselage configuration. The results presented in this 
figure also indicated that the lift-coefficient values of the twisted 
and cambered wing-fuselage configuration were not appreciably changed 
by the use of the modified fuselage. 


Drag Characteristics 


Throughout the Mach number range, the drag reductions caused by 
the use of twist and camber occurred at lower lift-coefficient values 
for the modified-fuselage configuration than for the curved-fuselage 
configuration. At a Mach number of 1.00, twist and camber reduced the 
drag-coefficient values of the modified-fuselage configuration above a 
lift-coefficient value of 0.15 as compared to а lift-coefficient value 
of 0.29 for the curved-fuselage configuration. Although the modified 
fuselage was considerably larger than the curved fuselage, the drag 
values of the twisted and cambered wing-fuselage configuration at zero 
lift were reduced above a Mach number of 0.95 by the use of the modified 
fuselage. Generally, this reduction was also true for the higher lift- 
coefficient values; however, the drag reductions were not so large. 
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The maximum lift-drag ratios presented in figure 6 indicated that 
the twist and camber greatly improved the (Б/ Л ies values of the wing— 


modified-fuselage configuration throughout the Mach number range whereas 
twist and camber reduced the (L/D)gax values of the wing—curved- 
fuselage configuration between the Mach numbers of 0.84 апа 0.99. It 
was suggested in reference l that the lower (L/D)mex values of the 


curved-fuselage configuration at high subsonic speeds could have been 
caused by increases in wing-fuselage interference associated with the 
twist and camber. The study of the flow over the plane wing—curved- 
fuselage combination (ref. 9) indicated that a strong shock is produced 
behind the trailing edge of the inboard sections of the wing which 
travels outwardly across the outboard sections of the wing. This shock 
was probably also present for the twisted and cambered wing and may 

have produced greater amounts of separation on the outboard region of the 
twisted and cambered wing than on the plane wing. The results of refer- 
ence 4 showed that indentation applied to a cylindrical body essentially 
eliminated the shock behind the trailing edge of the plane wing. The 
indentation probably also greatly reduced the strength of this shock 
and its adverse effects on the boundary layer of the outboard region 

for the twisted and cambered wing configuration. Increases in (L/D)max 
values, caused by twisting and cambering the wing of the modified con- 
figuration, resulted from these effects. These increases varied from 

24 percent to 11 percent through the Mach number range. 


The variations of the maximum lift-drag ratios with Mach number 
for the wing in the presence of the fuselage are shown in figure 7. A 
cylindrical fuselage (ref. 4) with the same dimensions as the modified 
fuselage, except at the wing location, was used to determine the wing- 
body interference of the wing—modified-fuselage configuration. The 
modified fuselage was not used because the higher drag values of the 
fuselage, as compared to the cylindrical fuselage, would have shown 
erroneous advantages of indentation. Twist and camber increased the 
values for the wing in presence of the modified fuselage throughout 
the Mach number range whereas the twist and camber reduced the wing- 
interference ratios of the curved-fuselage configuration up to a Mach 
number of 1.0. 


Comparisons of the ratios of the lift-drag values for the twisted 


(L/D) 
and cambered wing and the plane wing ‘D/D Twisted end cambered wing 


(L/D piane wing 
presented in figure 8 for several lift coefficients indicated that up 
through a lift coefficient of 0.6 and a Mach number of 1.05, the increases 
in L/D values due to twist and camber were much greater for the wing— 
modified-fuselage configuration than for the wing—curved-fuselage con- 
figuration. Ав the lift coefficient was increased beyond 0.2, the 
advantages of the modified fuselage became less apparent. 
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Pitching-Moment Characteristics 


The changes in the pitching-moment coefficients of the modified 
fuselage configuration (fig. 4) caused by the use of twist and camber Ы 
were gimilar to those reported in reference 1 for the curved-fuselage 
configuration. Тһе modified fuselage, however, delayed the unstable 
break in the pitching-moment curves of the twisted and cambered wing- 
fuselage configuration to a higher lift coefficient value up to а Mach 
number of 0.95. This effect is important since an increase in the lift- 
coefficient values at which the unstable break in the pitching-moment 
curves occurs may improve the performance of the airplane in the climb 
or maneuver condition of flight. 


The variations of pitching-moment coefficients with Mach number 
presented in figure 9 for several lift coefficients indicated that 
twist and camber negatively displaced the pitching-moment curves of 
the modified configurations ав for the curved-fuselage combination. 
Twist and camber reduced the changes of the pitching-moment coefficient 
with Mach number for the modified-fuselage configuration throughout the 
Mach number range whereas the reverse was true for the curved~fuselage 
configuration up to а lift-coefficient value of 0.6. It can be seen, 


also, that variations of the pitching-moment coefficient with Mach 
number for the twisted and cambered wing were greatly reduced by the 
use of the modified fuselage. 


CONCLUSIONS 


The results of а transonic wind-tunnel investigation to determine 
the influence of а body modification on the effects of twist апа camber 
of а 45° sweptback wing-fuselage configuration at Mach numbers from 0.80 
to 1.10 indicate the following conclusions: m 

1. Twist and camber greatly improved the maximum lift-drag ratios 
of the wing—modified-fuselage configuration throughout the speed range 
whereas twist and camber reduced the ratios for a wing--curved-fuselage 
configuration at high subsonic speeds. The increases in the maximum 
lift-drag ratios of the wing—modified-fuselage configuration varied 
from 2% percent to 11 percent through the Mach number range. Up toa | 
lift coefficient of 0.6 апа а Mach number of 1.05, the increases in the 
lift-drag-ratio values due to twist and camber were considerably greater 
for the modified-fuselage than for the curved-fuselage configuration. 


2. Throughout the Mach number range, the drag reductions due to 
the use of twist and camber occurred at lower lift-coefficient values 
for the modified-fuselage configuration than for the curved-fuselage 2 
configuration. 
Cart IAE 4 
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5. The variations of the pitching-moment coefficients of the twisted 
and cambered wing-fuselage configuration with Mach number were greatly 
reduced by the use of the modified fuselage. 


Langley Aeronautical Laboratory, 
National Advisory Committee for Aeronautics, 
Langley Field, Va., January 29, 1955. 
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TABLE I.- COORDINATES OF MODIFIED AND CURVED FUSELAGES 


Modified fuselage Curved fuselage 
О О 


, іп. 
.200 


PPP PEP RP PRP RPP PRP PRP PRP RP PEPE RP EPR PR 
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12.00 


Figure 1.- Wing-fuselage configurations. All dimensions are in inches. 
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Figure 2.- Spanwise variation of the twist and camber of the twisted 
and cambered wing. 
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(а) Angle of attack. 


Figure 5.- Variation with lift coefficient of the aerodynamic characteristics | 
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for the twisted and cambered wing—modified-fuselage configuration. 
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(b) Drag coefficient. 


Figure 3.- Continued. 
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(c) Pitehing-moment coefficient. 
Figure 3.- Concluded. 
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Twisted and cambered wing with modified fuselage 
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(а) Angle of attack. 


Figure h.- A comparison of the variations with lift coefficient.of the 
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aerodynamic characteristics for the twisted and cambered wing-fuselage 
configurations and the plane wing—modified-fuselage configuration. 
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^ Figure h.- Continued. 
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(c) Pitching-moment coefficient. 


Figure 4.- Concluded. 
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Twisted and cambered wing with modified fuselage 


— — — Plane wing with modified fuselage 
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Figure 5.- Variation with Mach number of the base pressure coefficients 
for the twisted and cambered wing—modified-fuselage and the plane 
wing-—modified-fuselage configurations. | 
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Figure 6.- The effects of twist and camber and fuselage modification on 
the variation of maximum lift-drag ratios with Mach number for the 
comparable wing-fuselage combinations. 
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Figure 7.- The effects of twist and camber and fuselage modification on 
the variation of maximum lift-drag ratios with Mach number for the 
wing in the presence of the fuselage. 
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Figure 8.- The variations of increases in L/D values due to twist and 


camber with Mach number for the wing—modified-fuselage and the wing— 
curved-fuselage configurations at several lift coefficients. 
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Figure 9.- Variation of pitching-moment coefficient with Mach number for 
the four comparable wing-fuselage configurations at several lift 


coefficients. 
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